V 



i • • ■ • ' • ■ - • • ' . • . ■ ■ . 

23287 SN 10/536608 AU 2855 Substitute Spi3ci£ication 

GAS-MEASURING DEVICE AND METHOD VTCTB NOISE COMPENSATION 

CROSS REFERENCE TO REIiATED APPLICATIONS 
This application is the US national phase o£ PCT 
application PCT/DE2003/003951 £iled 28 Noveniber 2003 with a claim 
5 to the priority of German patent application 10255704.7 . itsel£ 
£iled 29 November 200?. 

FIELD OF THE INVENTION 
The invention relates to a gas-measuring device with 
disturbance or noise compensation and having a gas sensor £or 
10 generating a measurement signal dependent upon gas concentration 
and it8el£ having a noise component and a to method with 
disturbance or noise compensation where a measurement signal 
dependent upon gas concentration is produced by a gas sensor, the 
measurement signal including a noise component. 
15 BACKGROXIND OF THE INVENTION 

For the measurement o£ gas concentrations and especially 
the concentrations o£ carbon monoxide (CO) , nitrogen oxides (NO) 
and hydrocarbons (C,^) , semiconductor sensors are used in the 
automotive £ield because o£ their low cost. Most o£ the 
20 semiconductor sensors are conductivity-based SnOa sensors. The 
measurement results C€ui serve, £or example, to open br close air 
circulation £laps in an automobile. 

The above-me^tioned sensors are characterized, apart £rom 
their low cost, by a good sensitivity to the gases to be measured. 
25 On the drawback side, however, these sensors have a number o£ side 
e££ects which complicate the signal evaluation. Reducing gases. 
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like for exanqple carbon monoxide contribute to an increase in the 
conductivity of the semiconductor sensors • Oxidizing giases like 
for example nitrogen oxide contribute to a reduction in the 
conductivity of the semiconductor sensors. In addition, the strong 
adsorption of water on the surface of the SnOa semiconductor sensor 
gives rise to a detrimental side effect. The bound water increases 
the conductivity of the gas -sensitive SnO^ layer significantly. 
The amount of water adsorbed on the sensitive SnOj layer is 
dependent to a high degree upon the temperature. As a result the 
change in the conductivity of the SnOj-layer is strongly 
teiqperature dependent. At a temperature below 200^C substantially 
greater quantities of water can be bound to the semiconductor 
sensors than at higher temperatures • The adsorbed water quantities 
can be deterxoined by means of a TDS [Total Dissolved Solids] 
measurement. After a certain time, a temperature-dependent 
equilibrium develops between adsorbed and desorbed water. Dpon a 
change in temperature, the time constant to reach a new equilibrium 
is between several minutes and several hours. The time constant 
depends upon prevalent environmental conditions . 

This effect arises especially in the phase following the 
switching on of the semiconductor sensor or in operation and is 
especially detrimental in its manifestations. 

If the sensor is stored at ambient temperature for a 
period of several weeks, in the course of this period there will be 
an equilibrium for this temperature at saturation between adsorbed 
water and desorbed water. This equilibriiim is referred to 
hereinafter also as the saturation equilibrium. To be able to 



23287 SN 10/536608 AU 2855 Substitute Specification 

carry out gas measurements with the sensor, the sensor is brought 
to an operating temperature o£ about 330^C. The increased 
temperature of 330^C by contrast with the storage tenqperature means 
that water will be desorbed lutil a new saturation equilibrium is 

5 formed. During this period of time, as a consequence, the 

conductivity will drop continuously even if the gas concentration 
should remain constant. The resulting drop in conductivity is 
correlated with a conductivity change of the type which can result 
from a large increase in the NO concentration. 

10 The result is that the measurement of the NO 

concentration during the interval in which a new saturation 
equilibrium is created is associated with significant errors in 
measurement • 

OBJECT OF THE INVENTION 
15 It is therefore an object of the present invention to 

provide an inqproved noise- suppressing gas sensor 

SUMMARY OF THE INVENTION 
The gas-measuring device according to the invention with 
disturbance or noise compensation has, by cdqparison with the state 
20 of the art, the advcuitage of a high measurement precision rapidly 

following the initiation of operation of the gas-measuring device , 
that is after it has been switched on. This is achieved in that 
the gas-measiiring device with noise compensation encompasses a gas 
sensor for generating a gas concentration dependent measurement 
2s signal which can include a noise component. The gas sensor is 

followed by a high-pass filter with an adjustable pass or limiting 
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frequency* The limiting frequency is selected or predetermined hjr 
means of a selector unit as a function of. the noise coiqponent. 

The method according to the invention for gas measurement 
with noise compensation has, by comparison with the state of the 
art, the advantage that the measurement can be effected already 
directly following the switching on of the gas-measuring device 
with high precision. The method thus involves the following steps: 
By meems of a gas sensor, a measurement signisil is generated with a 
measurement signal dependent upon the gas concentration and which 
can have a noise component. Then the measurement signal is 
filtered by means of a high-pass filter with an adjustable pass or 
limiting frequency, whereby the limiting frequency can be selected 
by a selection unit dependent ujpon the noise component or 
predetermined by the noise component. 

Thus in one feature of the invention, a low-pass filter 
is provided which is located between the evaluating xmit and the 
gas sensor. 

In a further f eatiure of the invention, a computing unit 
is provided between the evaluating unit emd the low-pass filter. 
The computing \init is provided for calculating the pitch or slope 
of the filter output signal obtained from the low-pass filter. 

In an additional feature of the invention, the selector ; 
unit is connected at its output side with a control input of the 
high-pass filter and is so configured that with it, based upon the 
pitch or slope of the filter output signal, a value C€ui be selected 
with which the limiting frequency of the high-pass filter can be 
adjusted. 
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In an embodiment o£ the gas-measuring device according to 
the invention, the selector unit is so configured that a first 
filter value is predetermined therewith when the difference between 
the sensor value and a set -point value exceeds a limiting value. A 
second filter value can also be predetermi nable when the difference 
between the set -point value and the sensor value lies within a 
predetermined range. Finally a third filter value can be 
predeterminable when the sensor value corresponds to the set -point 
value. 

In a further embodiment of the gas -measuring device 
according to the invention, the firsts the second and the third 
filter values can be respective time constants. 

Advantageously, the gas-measuring device according to -the 
invention can have a comparator in circuit with the high-pass 
filter but downstream thereof. With this comparator, the filter 
signal can be conv>ared with a threshold value. 

In soiother feature of the gas -measuring device according 
to the invention, the gas sensor is an SnOa gas sensor. 

Finally in a further embodiment of the gas-measuring 
device of the invention, the gas sensor can be so configured that 
nitrogen oxide is measured^le therewith. 

BRIEF DESCRIPTION OF THE DRAWING 

In the followingr, the invention will be further described 
based upon three figures. 

FIG. 1 shows by way of a signal flow diagram, the 
principal approaches to conipensation of the disturbance or noise. 
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FIG. 2 shows in the form of a block diagram the main 
components of the gas -measuring device of . the invention. 

FIG. 3 shows the course of a number of signals as may 

arise. 

5 HODS OF CARRYING ODT THE INVENTION 

In FIG. 1 the basic course of the signal flow of the 
measuring device has been shown. An NO sensor 1 supplies at its 
output 1.1, referred to also as the sensor output below, a sensor 
signal SI which, aside from the measured gas concentration, also 

10 includes a noise con^onent which can represent a shift in the 

saturation equilibrium. The sensor signal SI is evaluated with an 
inlet condensation 2 determining whether a noise signal component 
resulting from desorption is present and, optionally, how high this 
noise signal component is. Optionally the noise signal cosaponent 

15 is compensated in the sensor signal SI. 

At the output of the single channel coiqpensation 2.2, a 
sensor signal S2 is obtained which has beein freed from the noise 
signal component and which is compared with a threshold value. For 
that purpose a threshold evaluation 3 is provided. At the end, a 

20 control signal is obtained in the form of a switching signal 4 

which controls the air circulation flaps not shown in the figures. 

The configuration of the single chazmel or inlet 
compensation 2 has been represented in FIG. 2 in the form of a 
further block diagram. The NO sensor .1 is connected at its output 

25 side with a low-pass filter 5 which filters the sensor signal SI. 

The low-pass filter 5 has a time constant tv. At the output of the 
low-pass filter 5 a filtered sensor signal (S5) is present. The 
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filter sensor signal S5 is further processed means of a computer 
unit 6. With this circuit, from the filter sensor signal S5, a 
pitch or Slope S" is calculated. Then the pitch or slope S' is fed 
to a unit 12 having a time constant THE. The unit 12, generating 

5 the time constant THE, calculates it from the slope S' and a 

parameter a. If the sensor signal SI of the NO sensor 1 has a time 
calculated for it which corresponds to the time constant in 
normal operation, this signal is fed to the high-pass filter 13 via 
its control input 13. This is the case when the conductivity 

10 value NO-S of the sensor 1 lies between a p2* NO lixoit and the NO 
limit. This is predetermined by means of a decision [logic] 
circuit or unit 7 . 

If the decision unit or circuit 7 determines that the 
difference between the actual conductivity value of the NO sensor 

15 1 and the liioiting value, the NO limit, is too great, that is that 

the conductivity value NO-S of the sensor 1 is smaller than pi* NO 
limit, at the control input 13.1 of the high-pass filter 13 the 
time constant THE = Tl will be applied. This is the case 
exclusively at the beginning of the initial operation of the sensor 

20 1 . 

In this case one can reckon on a large slope S* of the 
sensor signal SI. 

Since, when the sensor 1 is placed in operation, no data 
as to the course of the signal SI until saturation eguilibriumi is 
25 reached is available, depending upon the difference between the 
conductivity value of the NO sensor 1 and the limiting value NO 
limit, a fixed limiting frequency which is obtained from experience 
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is used at start up. The values are derived from a table which has 
been designated below as a "look-up" table, olie table values are 
those when may be obtained under start up conditions as a function 
of the actual differences • Tl and T2 are matched to the system 

5 requirements. 

In case the difference between the actual conduct iivty 
value of the NO sensor 2 the limiting value NO limit is small, that 
is the conductivity value NO-S of the sensor 1 is smaller than the 
P2* NO limit, the time constant THE = T2 is applied to the control 

10 input 13.1 of the height pass filter 13. From the slope S" of the 
filter signal sensor S5, the noise amplitude of the signal S2 
following the high-pass filter 13 can be estimated. The time 
constant THE for the high-pass filter 13 is so selected that a 
defined limited noise amplitude of the signal S2 arises at the 

15 output of the high-pass filter 13 • The noise amplitude is so 

selected that a circulation flap controllable with the signal S2 
will not be inadvertently closed. . 

The start up process for the sensor 1 is a mbnotonic 
process which terminates when the saturation equalizes, that is the 

20 equilibrixim between absorption and desorption of water at the NO 
sensor 1 has been reached. 

The signal shape of the logorithmic resistance Znc can be 
determined to a first approximation from the point in time at which 
the sensor is switched on by the function 

25 Inc^ a ll- e^] + b 
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in which t is the time, a is an experimental parameter and 
represents a transfer or translation factor between the pitch S" 
and the limiting frequency, b iis an experimental parameter and T is 
an experimental parameter. 
5 The measured signal has a useful signal component and a 

noise conponent, the latter of which is determined by the 
desorption of water and has the characteristic of a PTl step 
function. 

By PTl a time delay element of the first order is to be 

10 understood. In the frequency spectrum this step function prevails 
until a higher frequency component begins which decreases with 
increasing time axid ultimately disappears. 

The noise signal component, described below also as the 
noise or disturbance signal which is a function of the desorption 

15 of water, is suppressed from the beginning by the high-pass filter 
13 with a limiting frequency selected to be suitably high for a 
predetermined time interval. With progress of the running in . 
process the high frequency component in the noise signal decreases. 
This is taken into consideration in the calculation by a continuous 

20 reduction of the limiting frequency of the high-pass filter 13. 
As soon as an equilibrium is reached between absprpt ion and 
desorption, the limiting freiquency of the high-pass filter 13 
remains constant and the measurement signal which at the start was 
dasped and which thereafter consists of the purely usable signal, 

25 is completely, available for control purposes. The sigxial obtained 
at the output of the high-pass filter 13 then serves to control 
the air-circulating flaps. To match the limiting frequency for the 
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high-pass £ilter 13 dyziamically, during the start up phase of the 
NO sensor 1 an approximation technique is used. 

After longer operation of the NO sensor 1 without the use 
of the latter for the measurement of gas, the conductivity results 

5 which is indicated by the NO limit. The NO limit conductivity 
thus corresponds to an equilibrium between desorption and 
adsorption at the operating teinperature of the NO sensor !• in 
practice however the case in which the NO sensor 1 is not used for 
the measurement of gas hardly ever arises. As a consequence, the 

10 value of the conductivity upon attainment of the equilibrium limst 
be determined approximately in that the sensor signal SI must be 
filtered by means of the low-pass filter 5. The time constant tv 
is here about 30 seconds. The conductivity value thus obtained is 
retained in operation in a nonvolatile memory. 

15 The pitch S" of the sensor signal SI is, shortly after 

the NO sensor 1 is placed in operation, as noted, highly dependent 
upon the storage time for the NO sensor 1. The storage duration 
can be taken into consideration by the control unit, however, only 
at high cost. As an alternative, one can observe the sensor 

20 signal SI for a certain time after the sensor 1 has been turned on 

and then switch over to a further course of the sensor signal SI. 
To minimize the effect of higher gas concentrations for short 
intervals, the sensor signal SI is initially filtered by means of 
the low-pass filter 5 and then its pitch S' is determined. 

25 The amplitude of the noise signal component resulting 

form the shift in the equilibrium, falls monotonically in the 
course of the start up process. 
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The experimental paraxoeters a, b and T depend upon the 
storage time of the sensor 1 and upon the sensor 1. These 
parameters cannot be determined experimentally and are obtained 
from the start up coiiv>en8ation. 

5 With the inventioHf the different signal dynamics between 

a signal variation produced during gas measurement and the signal 
changes resulting from desorption of water are utilized. 

A change in the concentration of the gases to be measured 
usually has a time constant between 2 and 30 seconds. The noise 

10 signal which is a function of the desorption of water after a prior 
storage of the sensor for a period of time, can have a time 
constant between a few minutes and several hours. 

.In FIG. 3, timing diagrams of a number of signal xspurses 
have been shown. Time appears along the x-axis and the antplitude 

15 is given along the y-axis of the diagrams. It can be noted that 
the axqplitude of the non compensated NO sensor signal SI iis 
strongly increased at the start and later only increases to a 
slight extent. 

The course of the compensated sensor signal is also 

20 indicated in FIG. 3 and is provided at the reference character S2. 

The threshold value SW, the filter signal 23, the control signal 24 
for the circulator flap and the time constamt 26 are also indicated 
in FIG. 3. From the increasing time constant 26, it can be seen how 
the limiting frequency of the HP filter is adjusted toward lower 

25 values and the system thus becomes more sensitive to gas pulses. 
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